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O CBA3UN JOCTATOUYHbIX yC{IOBMﬁ PEIYNAPU3YEMOCTHU
MHTEIMPAJIbHbIX YPABHEHUU

N.1. Meruxec'

Hcecaeayerca oaHa GeckoHedHas CepHSI A0CTATOMHbLIX YCJIOBHIT peryJistpH-
3yeMOCTH MHTErpajibHbIX ypaBHeHuil. JlokazaHo, uTo JioGble ABa H3 3THX YCJ10-
BHii He SIBJISIIOTCHA IKBHBAJIEHTHBLIMH, [1a%Ke ec/iH OTPAHUYHTBLCH YPaBHEHUSIMH ¢
IaAKUMH SAPaMu.

Knwouegbie ¢106q: pecyusipusyemMocms, UHMESPATbHbIE YPACHENUS, 2dOKUe S0pda.

Beenenne

PellieHe MHTErpaJibHbIX YPaBHEHHH MEepBOro poAa ABJISAETCA HEKOPPEKTHOH 3agaued. B 1963 r. B
padote [1] A.H. TuxoHos npeanoxunn METoa peryisapu3aluy Ais pelleHust HEKOPPEKTHbIX 3aaa4. a-
Jiee ObLIO BbIICHEHO, YTO METOA PeryJ/iapy3anyu MpHMEHUM HE KO BCeM HEKOPPEKTHbIM 3ajavyam. 3aja-
YH, K KOTOPbIM MPUMEHUM METOJA pPEry.sipH3allui, CTalld Ha3wiBaTh peryaspuizyembiMu. B pabote [2]
ObUIO OCTPOEHO HEPETYJIPU3YEMOE UHTErpasibHOe ypaBHeHHE. TakuM 0Opa3oM, HAXOK/IeHHE YCIOBHH
peryaspu3yeMocTH [IPeBpaTUioCh B BAXKHYIO M aKTYalbHYIO 33/1a4y.

B pabortax [3—11] ucciienoBanncey pasjiuyHble YCNOBUS PEryaspu3yEMOCTH, HCIOMb3YIOLIHE [TOHS-
TUSl TEOPUHU IBOHCTBEHHOCTH 0aHAXOBbIX IPOCTPAHCTB.

B pabortax [12-14] ycrioBus peryiasipusyeMoCcTH HaxOIHWIUCh C NOMOLIbIO HCCIICI0BaHHS CBOWCTB
NPOOJIKEHHOTO olepaTopa.

HocraTouHble YCJIOBHA Pery isipu3yeMOCTH JIHHEHHBIX 00PATHLIX 32Aa4
[lycte £ u F — 0aHaXxoBBI NpocTpaHcTBa, A:E — F — nWHelHbIH HenpepbiBHBIA HHBEKTHUBHbIH

oneparop.
Onpeaenenne 1. Omobpasicenue A7) naswieaemes PECYIAPUIVEMBIM, ECIU CYIecmeyem cemeucm-
60 omobpancenuii R F — E, d¢€(0,8,) maxoe, umo ons mobozo x€ E

Iim R.v—x[|=0.
i, b IRsy =]

B sTom ciyyae cemeiicTBo {R5} Ha3bIBaeTCA PETYJIAPU3ATOPOM /I A7 OneparopHoe ypaBHeHHe
Ax =y Ha3bIBAETCA PEryJsapH3yEMBbIM, €C/IH PEryIApPU3yEMO OTOOpaKEHHE A7 B Clydae peryJspH-
3yEMOCTH YPABHEHHUS CEMEHCTBO X5 = RgVs MOMKET ObITh B3ATO B KAYECTBE YA0BJIETBOPHTEILHOIO MPH-

ONMIKEHHOTO PEIUEHUS HEKOPPEKTHOM 3a/1auM HAXOXAEHHS PELICHUs YPaBHEHWS MEPBOrO poia mpu
nprGHAKEHHO 33JaHHOH MPaBOH YacTH Y5 € TOYHOCTBIO O .

Paccmorpum knaccuueckylo curyaumio £ =C(0,1), F=L,(0,1). Byaem npeanonarats, uto ore-
patop A HenpepbIBeH Takke U B L, -Hopme. Torna onepatop 4 MOKeT ObITb MPOAOJIKEH MO HEMpe-
PBIBHOCTH Ha pasiuyHble noanpoctpancTea M, C(0,1)c M < L, (0,1).

B pabote [2] ObL10 nokazaHo, 4TO €C/IM NPOaoJKeHHE A HA HEKOTOPOE Lp (O,l) , P22 UMeeT Ko-
HEYHOMEPHOE PO, TO OTOOPAKEHUE A7 PEryIspU3YEMO.

Teopema 1. Eciu unmeepansuviti onepamop A:C{0,1) — Ly (0,1) unvexmusen u e2o npodoixce-
Hue Ha Hekomopoe L, (0,1), P =2 uvMeem KoneunomMepHoe a0po, mo A7 pecysipuzyemo.

Taxkum oOpa3zom, Mbl UMEEM paziHUHbIE JJOCTATOUHbIE YCJIOBUS PEryJsIpU3yeMOCTH. DT0 DecKoHey-
Has cepHs YCIOBHH Npu pasHbIX p = 2. Bo3HMKaeT BOMpPOC, HE OYAYT JIM KAKHE-TO W3 THX YCNOBHH

' Mennxec JeoHn JIaBHaCBHY — 50K 10D (B 3MKO-MA [EMATHUECKUX HAYK, podiecop. 3ase,iyiouwi kadepou obued MareMangu, 10 xro-
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E-mail leonid memkhes@gmaid com

50 BectHuk OYplY. Cepua «MatemaTtuka. Mexauuka. ®usuka»




Menuxec 11.4. O cesiau docmamoyHbix ycrnoaul
peaynsapusyeMocmu UuHmezpanbHbix ypaeHeHull

3KBMBAJIEHTHbIMH, €CJIH PACCMATPHBATL HE MPOU3BOJIbHBIE ONMEPaTopbl A, a MHTErpajibHble ONepaTopsbl
C TNAJAKUMM CUMMETPUUHBIMH SAPAMMU.

B pabote [14] Obi1 AaH OTpHUATEIBHBIM OTBET Ha 3TOT Bompoc. OKas3anoch, YTO BCE PACCMOTPEH-
Hble B Teopeme 1 JocTaToOUHbIe YCIOBHS MONAPHO HE SKBUBATICHTHBI.

B pabote [13] noka3zbiBaercs Takoe ycHiaeHHe TeopeMsl 1.

Teopema 2. Eciu unmeepanensiit onepamop A:C(0,1) — L, (0,1) unvexmusen u eco npooodice-
-1 )
nue na L (0,1) umeem koneunomepioe s0po, mo A~ peeyuapusyesio.

3nech TaKXKe BOZHHKAET €CTECTBEHHBIN BONPOC, He OYAYT JIM Kakne-HUOY b AOCTaTOUHBIE YCIOBUS
U3 TEOpPEeMbl | SKBUMBAIIEHTHBI J0CTATOYHOMY YCJIOBHUIO W3 TEOPEMBI 2, €CJIH OFPAaHHUHTHLCS ONepaTOPamMH
¢ miaakumMu sapamu. M3 teopembt 3 crienyroliero nyHKTa cieyeT OTpUuATENbHbIE OTBET Ha DTOT BO-
fpoc.

CpaBHeHHe YCI0BHIi peryJsipu3yeMocTH
IycTb K(x,t) — HenpepblBHas QyHKUMS Ha KBajaparte [O,I]X[O,l]. PaccMoTpuM HMHTErpanbHbIR

oneparop
1
Q:f(x) = [K(x.2) (), (1)
0

nevictBytownii uz C(0,1) B L, (0,1). Yepes Q o6o3Haunm npomomkenue Q Ha L, (0,1). Oneparop O
PE/NONaracTc UHBEKTHBHBIM, TAK KaK 3iech GyAeT MATH peds o peryaspuzyemoctd Q. Omnepa-
TOp é MOXET U He ObITb HHBEKTHBHBIM.

Teopema 3. Cywyecmeyem unvekmusnvlit unmecpanbuntii onepamop us C(0,1) ¢ L, (0,1) ¢ caao-
KUM CUMMEMPUYHBIM AOPOM, NPOOGIICEHUC KOMOPOLO NO HenpepuleHocmy Ha Jioboe L » (0,1), pz2

umeem Geckoneunomeproe 20po, a npodoaxcenue na L, (0,1) umcem konevnomepnoe adpo.

3aMeTHM, HTO 34€CH CJIOBO AP0 ACTIONB3YETCA B JIBYX PaA3JIHYHbLIX CMbICIIAX, HO U3 KOHTCKCTA ACHO,
4TO UMECTCA B BUY.
ﬂoxasameﬂbcmeo. PaCCMOTpHM nocAeA0BaTCNBHOCTL ITPOMEKYTKOR

1 1
Jk :{1—2—](,1—'?_—1‘:(, k :1,2,....

Onpezenum crieylolyio nocreaoBateabHocTh (yHkumii, UYepes 7, (x) 0603Hauum ¢yHKUHIO Ha
[0,1] ¢ HocuTenem B J, u Takyo, uto k (x)e L, (0,1), Ho Ay (x)& L, ,(0,1), k=1,2,....
Yepes M o6o3HauuM HanWMeHblIee 3aMKHYTOe noanpocTpaHctBo L, (0.1), copepxalee Bce

dynkumu Ay (x). Mycers Cg (a.b) — noanpoctpancteo C(a,b), cocrosiee U3 GUHATHBIX (YHKLH,
T.€. 0eCKOHEUHO U pepeHHPYEMbIX U PABHBIX HYJIKO B OKPECTHOCTAX TOUEK a W b.
Jn4 nokasarenbCcTBa TEOPEMbI PACCMOTPUM CIEAYIOLLYIO teMMy M3 [2].
Jdemma 1. [Iycmo h(t)e Ly(a,b) u
b

H={f(t)e Ly(ab): |f(e)h(r)dt=0

a

Toeoa
HNOCy (a,b)=H .
Tenepb nokaxem, YTO B OPTOrOHaJIbHOM AOMOJHEHUU N K M cCyluecTByeT MOJHAas OPTOHOPMH-
posanuas cucrema {w,(f)} Takan, uro y,(t)e C5(0,1), n=12,.. JIna storo yGemumes, uro
NNOCy (O,]): N . U3 »toro u Oyner cieaoBaTth, 4To B N CYIIECTBYET 0JHAsS OPTOHOPMUPOBAHHAS

cucTeMa M3 PUHUTHBIX (YHKLMH, Tak KaK B 3TOM ciydae u3 NﬂC5°(O,1) MOKHO BbIOpaTh JIMHEHHO
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HE3ABUCHMYIO TOCICA0BATC/1bHOCTD, OPTOrOHAIM3UPYA KOTOPYKO Mbl M MONYYACM HYKHYH) CHCTCMY

{w. (1)}

[lycte fe N u £€>0. Bbibepem HOMEp # Tak, 4TOObI

1 .
Fr(t)dr<=—. ()
2n+1_1/2n+1 4
[ockonbky f(t) oproronansha A (t), k=1,2,.., B cuny nemmsl 1 cyuiecTByer cemeHCTBO

{fk (t), k=1, 2,...,n} , [ KOTOPOTO BBIMOJIHAIOTCA CASAYIOLIME YCIOBUSA:

l'fk (I)E CSO(Jk), k=1,2,...,n;

2. [fe () (1) dr =0, k=1.2,..m; 3)
Jy

&

< )
2(n+1)

k=12,..,n,

3| s -1,

1
rae uepe3 f { g\ o6o3HaueHo cyxeunune f(f) Ha npomexyrok J, . Ha npomexyrke J = [0,5} CYLLECT-

Byer dyHkuma fy € Cg (0,1/2) takas, 4to “ Fo- f‘-]o < . £ 5 Tencps pacemoTpUN dyskiLo
n+
fi(t)npute J,, k=0,1,..n;
g(t) = ntl
0 mpute {3—1,1}_
2P1+1

Beuny 2)u(3) ge CS"(O,l), ge N, Tak Kak njs modoro k=1,2,...
1
[2()m (1)t = [g(t)h (1) dr=0,
0

Jy
a 3HAUUT U 418 modoro me M

HakoHeu, U3 cooTHOILIEHHUA

cieayer, uto N Cq (0,1)=N .

Ternepb paccMoOTpuUM HHTErpasibHbI ontepatop ¢ (1) ¢ sapom
K(x0)=3 a0, (x)w, (1), )
n=1

rae { (pn(x)} — MPOU3BOJIbHAS OPTOHOPMHUPOBAHHAA CHCTEMAa U3 DecKOHEUHO AUddepeHUHpYEeMbIX Ha

[0.1] dymxumit, {w, ()} - noctpoentas sbiwe cuctema u
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Menuxec J1.4. O cess13u docmamodHbIx yenosuu
peaynspulyemMocmu UHMeapansHLIX ypasHeHul
a, :( sup max(lgon (x)

) s oy, (0.l 1)

0<i<I
Torna acuHo, uto paa (4) cXOAUTCA PABHOMEPHO M CXOAATCA PaBHOMEPHO Ps/lbl, MOJYYEHHBIE €0 M0-

LRERT sevey

4leHHbIM AU dEPEHLIHPOBAHHEM MPOU3BOIBHOE YHCIO Pa3, H, cieoBatenbHo, K (x,t) — GeckoHeuHo
andpepenumnpyemas Gynkuua Ha ksaapare [0,1]x][0,1].

Tenepb nokaxem, 4to ker O = M . JleWcTBUTENBHO, €CITH

1
[Y a0, (x)w, (0) f()de =0, (5)
on=1
TO
Zanbn(on (x):o’ (6)
n=1

1
rae b, = If(t)l//n (t)de — n-it korpduupent Oypbe Gyuxkumn f(£) no cucreme {!//n (1‘)} , TAK KaK paj
0

B dopmyne (5) no teopeme Jlebera MoxkHO nowieHHo uHterpuposaTh. M3 (6) cnenyer b, =0,
n=12,.,Te f(t)e M. ScHo takie, uto us f(t)e M caenyer f(t)e kerQ. Takum obpasom noka-

3aHO, 4TO kerQ=M . lasa Toro, 4roObl d4po ¢ ObWIO CUMMETPUYHBIM, JOCTATOYHO IIOJOKHTh
@, =y,. Orciona cnenyer, 4T0 ) YIAOBIETBOPAET YCNOBHAM Teopembl. B camom nene, npopomke-

Hue ) MO HEMPEPbIBHOCTH Ha ftoboe L, (0,1) uMeeT GecKOHEUHOMEPHOE S/IPO, TAaK KAK OHO COACPIKHT

Bce (BDYHKLMH / , HAUMHAA C HEKOTOPOro HoMepa. A npogomkene Q Ha L., (0,1) nmeer Hynepoe s1-

po, Tak Kak B M Bce (PYHKIHUH, KpOME TOXIECTBEHHOIO HyJI4, He orpaHuueHsbl. Teopema nokazaHa.
M3 31Ol Teopemspl cneyeT, YTO AOCTATOUHBIE YC/IOBUA PETYIIAPH3YEMOCTH s JIOOOro p U3 TEo-

peMbt 1 U 10CTaTOYHOE YCIIOBHUE M3 TEOPEMB! 2 HE SKBMBAJICHTHDI, TAK KaK A1l HOCTPOEHHOIO B T€OpE-
Me 3 oniepatopa  TeopeMa 1 He HaeT OTBETA O PEryJiapU3yeMOCTH Q“1 , B TO BpeMs KaK U3 TEOPEMBI 2

CIEyeT peryaspusyemMocts O .
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ON CONNECTION BETWEEN SUFFICIENT CONDITIONS
OF REGULARIZABILITY OF INTEGRAL EQUATIONS

L.D. Menikhes'

In this paper some infinite series of sufficient conditions of regularizability of integral equations is
investigated. It is proved, that any two of these conditions are not equivalent, even if the integral equa-
tions have the smooth kernels.

Keywords: regularizability, integral equations, smooth kernels.
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